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1 ABSTRACT

Climate change and environmental challenges affgaities encourage them to reduce negative impdcts
environmental challenges on human comfort and respath sustainable spatial solutions such as Matur
based solutions (NBS). While spatial analyses drendimited in analysing dynamics between space—
environmental characteristics and human comfoetetlis a challenge to exploit new technologies {I&F
the potential for the development of more inclusarealyses and monitoring. This paper reflects oa on
particular portable device for a simultaneous dyicamicroclimatic data gathering, and by a protofol
microclimate street assessment evaluates microdinedated comfort of cycling lanes in Ljubljana,
Slovenia. By identifying correlations between salaglements and microclimate conditions in différen
spatial settings, the study defines cycling lanetigas of various levels of comfortability. The wéts
suggest that ICT innovations for in-situ measuresiean help urban analytics to gather and urbampis

to interpret detailed microclimate-related inforimat and can help to assess places according to
microclimate issues such as high temperature, ginaquality, incrised humidity, but also disturbingise
levels. Collected data are interpreted within huroamfort zones and can be linked with rates/lewéls
comfort. Thus, the paper contributes to urban ptaniby the provision of fine-grain localised davath
precise data spatial and temporal resolution. Asgdithered data is geopositioned, it can be predeant a
map enabling a linkage of environmental conditiawthin a spatial context.

Keywords: Urban planning, Nature-based solutionfyrimation and communication technologies, Human
comfort, Microclimate

2 INTRODUCTION

Microclimate in urban areas is increasingly beifigaded by the impacts of climate change. As human
comfort is directly reflected in human behaviortiaty patterns, space usage [1, 2, 3], and mioneete-
related human comfort become a crucial aspect lraruplanning when designing solutions to address
contemporary societal challenges. To improve thaliguof living and mitigate the adverse effects of
climate change, cities are trying to implement aasi innovative approaches and develop climate-eang
resilient sustainable solutions. Urban planninggla crucial role not only in climate mitigation ducing
global warming but also in designing solutions tfatilitate natural processes, leading to the taabf
pleasant microclimate conditions.

Nature-based solutions (NBS), a planning concegtessding various societal challenges, holds a iomi
potential for incorporating the aspect of microdimrelated human comfort in design solutions. tBuis
based on mimic natural processes can directly addige societal challenges of cities [4]. HoweYer,
implement sustainable solutions that are as selagwed as possible and deliver the desired envieotal
outcomes, it is crucial to integrate microclimateWwledge into the design process based on urbdysasa
of site specific conditions. Following Geétiik Marust et al. [4], further, it is important to recognigeal
characteristics to identify the resources thatrezeded and/or available for the functioning of N&Ss so
that NBSs can enhance/exploit the given sites'adtaristics to the greatest possible.

The development of new Information and Communicafi@echnologies (ICT) represents the potential for
conducting comprehensive analyses, as well as exglthe interpretation of locally-based informatiof
microclimate from a human perspective. Here, weifipally refer to portable ICT devices that enatile
acquisition of detailed environmental data withgse spatial and temporal resolution. These deviess
the potential to reveal the hidden dynamics betwareiironmental characteristics and spatial contekich
could assist urban planners in identifying areasr@iNBS interventions may be needed.

In this sense, this paper follows a pilot resedhelt uses a particular ICT device for dynamic netroate-
related data gathering and, by using a protocol racroclimate street assessment, explores the
microclimate-related comfort of cycling lanes irubjjana, Slovenia. Besides providing a few prelianin
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examples of microclimate assessment, the papeessiel the following research question: How can ICT
devices for in-situ measurements aid urban analytigathering detailed microclimate-related infation
and assist urban planners in assessing places tdaseidroclimate-related challenges?

Summing up, the research follows a bottom up aproafclocally based environmental data collectigungh

as air temperature (°C), relative humidity (%), seoilevel (dBA), and particulate matter (e.g. PM 2.5
(ng/m3)). It developes the aproach to analyse mgclane as comfortable and discomforatble areas,
representing a first step towards identifying plolesimicroclimate-related challlange. Such an amslis
recognised as having potential for prioritising aselecting spatial interventions that may be nedded
achieve or improve the quality of a space. Sitig tesearch is still ongoing, this paper cover ane
segment of the entire research. The quality of gitgs an important role in urban planning, so gaper
comments on data gathered in relation to usefuloesach data for urban planning analytics. By pfmg

a few examples of analysed cycling lanes sectiofiustrates what kind of data can be gathered and
demonstraits the potential of such data for defiriomfortable and uncomfortable cycling lane sexdtias
well as for identifying possible microclimate cladfe and/or suitable NBS for improvement.

2.1 Data Characteristics

To assess spaces in terms of human comfort anachioate-related challenges, data characteristigst m
be understood within the context of urban plannifig.interpret microclimate conditions from a human
perspective and cycling experience, urban plansiecsild work with fine-resolution data that reflesite-
specific environmental conditions.

Considering that microclimate conditions in urbasas vary between 1 to 100 meters [5], it is ctucia
address the appropriate spatial resolution of rolomate-related data. Therefore, the minimum
recommended accuracy for distinguishing environadernditions is approximately 100 meters; however,
achieving an optimal level of accuracy would regulata with a resolution as fine as 10 meters. Bzatal
resolution also plays an important role, as cyxl@&tcupy space at different time intervals durirdag, and
microclimate changes within a 24-hour period [Shefefore, the data should reflect the environmental
variability that cyclists might experience at difat time intervals throughout the day. In terms of
microclimate-related human comfort, it is crucial tecognize that microclimate conditions arise from
dynamic interactions between various microclimatarameters. These interconnected relationships
significantly influence human comfort. Thereforehem conducting microclimate assessments focused on
human comfort, it is essential that the data enatidan planners to interpret such simultaneousémites of
microclimate parameters. Also, in practical ternwsban planning relies on map-based approaches.
Therefore, graphically geolocated data in the fofrmaps becomes crucial.

2.2 Presentation of the Tool

The tool was developed by the University of Deust8ilbao, Spain. It serves for gathering and analy
microclimate-related data at a user-experiencd,|l&@using on site-specific environmental detallbe tool
enables the tracking of movement, making it us&evalking or cycling, and can be utilized in pliblicly
accessible spaces. The tool consists of two conmienieardware (Figure 1 and Figure 2) and software.

The hardware comprises sensors for the simultaneoilsction of environmental data, including air
temperature (°C), relative humidity (%), baromepiessure (kPa), particulate matter (PM 1.0, PM &l
PM 10.0 (ng/m3)), Cegas, and noise level (dBA). The hardware is comaem a user interface (software)
and is part of the publicly accessible platformexhBike Intelligent Centre. The platform providesdback
to the user and can be accessed at http://bizkaiakelligence.deustotech.eu/en/datacentre (actessd0O
April 2023). The platform offers a range of funetsofor analyzing microclimate parameters. The &dlolws
for the measurement of each mentioned parametesuangequently presents the environmental data on a
map. The data is displayed using different colarsesponding to each parameter. These colors aignasl
based on a threshold classification system, whack eolor represents different levels of data \alUde
query function on the platform (software) enables gelection of specific dates and time intervaisterest
for analysis. Within the platform, there is an umgiag spatial map that includes essential infolioratsuch
as land use and the occupation level of bicyclbpat
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Fig. 1: Hardware consists of environmental senantsa GPS antenna.
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Fig. 2: User interface (software), a platform, dstisg of different functions to analyse the cotextdata.

3 METHODOLOGY

This study adopts a case study approach, withi¢henfork conducted along the cycling lanes in Ljabh,
Slovenia. The data gathering process was carriedsan integral part of the research methodolaipgre
the main objective was to evaluate the microclinmatated comfort of cycling lanes in the urban area

The paper also explores the potential of ICT fageasing the level of comfort of cycling lanes regay
microclimate-related challenges and investigates potential to identify correlations between spatia
elements and microclimate conditions in differguatsal settings. In that sense, we explored therg@t of
this ICT tool considering the following data chasaistics:

e Spatial resolution,

e Temporal resolution,

« The interpretation of environmental data throughhhno comfort parameters,

* The interpretation of environmental data withirfeliént levels of comfort zones,
* Map-making and linking environmental conditionsiwét spatial setting,

3.1 Field work

Data gathering was performed using the protocolnf@roclimate-related street assessment, consisting
several steps, which were already defined in oevipus work [6]. Beside the tool, the necessarypgent
for data gathering is a bicycle. Additionally, thppropriate cycling speed for data collection ilatren to
the frequency of the device's data capturing wa$os8 km/h to enable precise data temporal antiadpa
resolutions.
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3.1.1 Protocol for microclimate-related street assesment

The protocol is composed of four main steps: deiin of the measurement area and the measurement
period, selection of parameters to be measuredealdiated, definition of measurement time intervaisl
analysis of collected data. They are conductedlisnfing:

1. Definition of the Measurement Area and Measurgrperiod

The data gathering campaign is condicted on higbbupied bicycle lanes in the urban area; in thisep
applied in the case of the city of Ljubljana.

Within this first step also the duration of the m@@ment is defined. In our case, there were some
limitations related to readiness of the device. iéesv, as a period of observation the month of Atugas
selected, significant for high temperatures asat@welated characteristics.

2. Selection of parameters to be measured andatedlu

To identify comfortable and uncomfortable sectiansl possible microclimate challenges, the micrcaien
related human comfort parameters must be includethe analyses. In that sense, based on a literatur
review, the following microclimate parameters wemdected: (a) air temperature, (b) solar radiat{o,
humidity, (d) wind velocity, and (e) air qualityn lassessing human comfort, we also considered the
following set of parameters: (f) level of noise) fmman perception, and (h) other subjective pararse
such as human activity and clothing [7, 8, 9, 10,12, 13, 14, 15, 16, 17].

3. Definition of measurement time intervals

As we are specifically interested in the conditionsler which people cycle for their daily commuke data
gathering was scheduled for working days (Mondajriday) between 7:30 a.m. and 9:00 a.m., and 3:00
p.m. to 5:30 p.m. The planned campaign was se¢\fery day in August 2022, yet data gathering wds no
been performed on rainy days.

4. Analysing the collected data
This is the most complex step of the protocol, cosngy three levels:

(1) Data visualisation to transfer gathered data omap to provide links between environmental ciorus
within a spatial context.

(2) Descriptive analysis to identify areas thaeoffomfort or discomfort to their users.

(3) Data interpretation to identify areas where moutimate challange is present and NBS intervenison
needed.

The first step, data visualisation enables linkémgironmental conditions within a spatial context anust
be done with the tool enabling to visualize microelte through a medium where urban planning operate
mapping.

The second step, descriptive analyses must allovinferpreting data within the range of human camnfo
zones, with varying colors indicating comfortabfgeses, as shown in Table 1. Currently, the desegipt
analysis is based on the Bike Intelligent Centegfptm, (part of the tool system), enabling to gsaldata
within absolute values of collected data. Howeweinterpret the value of the difference of microdie
parameters within individual cycling sections, ttaa interpretation within relative values mustldeessed.
Another important step of discriptive analysesekted to the layering of the gatered data. Fiifferent
microclimate parameters are analysed separatefityidentify uncomfortable areas for each microctiena
parameter separately, individual gathering sessao@sayerd and merged into the final maps of @aeéh
uncomfortable conditions (separating the morning afternoon sessions for each microclimate parajnete
Further step is related to the comfort rating imie of simultaneous and integrated analysis of aolonate-
related comfort parameters. Within this step thepsnaelated to uncomfortable areas of individual
parameters are merged into cumulative maps to elefieas that are uncomfortable in terms of two @rem
parameters simultaneously.

The third step is related to data interpretatioidentify areas where microclimate challange isspreé and
NBS intervention is needed. Apart from simultane@ml integrated analysis of microclimate-related
comfort parameters, this step requires a defimitiba criteria referring to spatial analysis arigeo relevant
data to consider when determining the NBS intetigan
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Temperature (°C) Level of Noise (dBA) Air QualitgyM 2.5) Humidity (%)
>40 >100 75 /

35-40 80-100 50-75 <15

25-35 70-80 25-50 15-30

15-25 60-70 20-25 30-45

/ 40-60 10-20 /

5-15 / / 40-60

0-5 / / 60-90

<0 <40 <10 /

Table 1: Legend to interpret microclimate dataglation to human comfort values (parameter thresblalssification of comfort
zones). The definition of a threshold for the terapgre parameter was proposed by the experts wdigrael the ICT tool and is
based on the average temperature values for Spalinnoise-level thresholds are based on the enwiemtal noise guidelines for
the European Region [19]; air-quality thresholdstased on the World Health Organization’s air-gyauideline values [20]; and
humidity levels are based on general recommendafmrindoor and outdoor humidity in European cliesa

4 RESULTS

Results are presented in two parts. The first padws some illustrative examples of data gathering,
indicating the potential of such a tool for defiginomfortable and uncomfortable cycling lane sestidn

the second part, the results are related to théityjuwd data, covering aspects of spatial and terapo
resolution, data characteristics related to inetggion within human comfort zones, and the abiiityuse
map-making for identifying and interpreting the redations between space

S

and environmental condition
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Fig. 3. Data gathering routh.

4.1 The practical performance of data gathering and ilustrative examples of identifying comfortable
and uncomfortable sections

Data gathering was performed almost every day igust 2022. The pre-planned route (12.5 km) led
through different parts of the city, covering aigty of urban structures, including a densely bujithistoric

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V. ROPOVICH, P. ZEILE, m
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljijana, Slovenia



Microclimate-Related Human Comfort as Aspect in UrBémning: Indication of NBS Interventions to Ingeauality of Cycling
Networks

urban area, a densely built-up urban area, anthvedy compact urban pattern with areas of lomsity.
According to the land-use plan, the cycling pattestroften crossed areas of central activity, regide
areas with accompanied activities, areas of grpeces, and forest areas. Natural morphologicatifest
were related to flat terrain, open spaces, foreiisiers of trees, water areas, and artificial-agncultural
green areas, such as urban tree lines and smedl-giezen surfaces.

41.1 |Illustrative examples of data gathering, and theempial of such a tool for defining comfortable and
uncomfortable cycling lane sections.

This subchapter illustrates which microclimate4edia parameters can be interpreted and how such
microclimate-related human comfort related datalmansed within urban planning analytics.

The illustrative example of data gathering was grened in Ljubljana on Friday, August 5, 2022, bedwe
16:06 and 16:18. Cycling Lane section led throudlerént spatial setting, characterised by denbeilijt-up
urban tissue and densely built-up historic urbasui. The most common natural morphological featare
related to flat terrain, urban tree lines, smalkdigreen surfaces and also a river.

The device enabled the collection of the followpagameters: air temperature, relative humiditysedevel,
and particulate matter (PM 2.5), which represehis potential of identifying possible microclimate
challenges in urban areas. The inclusion of thesanpeters is sufficient to understand the envirariate
conditions from an objective—numerical standpaittich address only the physical conditions.

The gathered data is presented trough a softwartbeotool, a map-based platform. The routh of data
gathering is represented by a track of movemengravthe microclimate values are graphically repriesk
with dots of different colors. These colors areigresd based on a threshold classification systeherev
each color represents different levels of dataealindicating the level of comfort (see TableS)ch data
interpretation enables to differentiate sub-areganding the level of comfort.

For example, the temperature parameter on thewltp cycling lane section (Figure 4) is mostly
represented with red colour, indicating uncomfddaatmnditions, varying between 35.1°C and 37.2°€t,Y
cycling lane subsection following through a histopart, near the city river, the temperature valaes
represented with orange colours, indicating stitamfortable conditions, yet with a lower temperatu
value (varying between 34.7°C - 35°C). In termsdafa precision, the data enables to interpretkibyi
microclimate conditions every 10m, enabling to tifgrchangeable microclimate conditions on a peatkast
level. The data related to temperature indicateakary 10 meters temperature can changes betw2écC0
and 0.8°C. Continuing with the humidity parametnditions are represented with yellow colour. Such
colour representation is indicating comfortableditians, varying from 35.6% and 40.2%. Every 10 engt
the humidity value can change between 1% and 1.4 %.

The level of noise is represented with three déffiercolours, indicating subsections are differarterms of
comfort level. Green colour is indicating comfoit@alronditions, varying between 40-60 dBA, yellow
colour is indicating uncomfortable conditions, viagybetween 60—70 dBA and orange colour is indigati
uncomfortable conditions between 70-80 dBA. Evelynieters, the level of noise can change for 0.1 dBA
and 16 dBA.

Air quality values are comfortable during the whskection (green colour), where conditions are vayyi
between 9-17 pg/m3. Every 10 meters values diftenfl — 8 pg/ma.

4.2 The tool's potential for urban analysis of assessin human comfort related to microclimate
challenges

The findings indicate that the data's spatial wg8mh is accurate in capturing the changeable enwiental
conditions that cyclists may encounter within a f@eters. While cycling at an average speed of &hkm/
measurements were recorded by the device at 5-@ectmrvals, resulting in data collection approxieia
every 10 meters. Taking into account that enviramaleconditions can vary between 10 and 100 m§bgrs
the utilization of the ICT tool enables the generabf sufficiently detailed data. Moving on to ttenporal
resolution, the tool facilitated data collection aty given time period throughout the day. Giveat th
microclimate conditions change within a 24-hourley&], and assuming that a commuter cyclist trael
minimum of two times per day, the results indicttat the 5-second resolution could help identifg th
environmental conditions experienced by cyclistsirdu their commute. With the tool, we achieved the
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capability to collect a comprehensive set of huncamfort parameters. The data obtained were then

visualized across various human comfort zones, igiray valuable insights into the comfort levels af
given space.

s, S, X e
Air quality (Ug/m3)”

Fig. 4. The practical performance of data gathesing illustrative example of identifying comfortaldnd uncomfortable sections to
demonstrate the potential for identifying possiieroclimate challenge.

TEMP= 37.1°C
HUM= 35.6 %
AQ= 12 ug/m3
N= 65.5 dBA

TEMP= 36.2 °C
HUM= 36.4 %
AQ= 12 ug/m3
N= 66 dBA

Q
TEMP= 35.4 °C |
HUM= 38.6 %

AQ= 13 ug/m3
N=56.6 dBA

Fig. 5. lllustrative example of data gatheringealrplaces demonstrating detailed microclimatetedlanformation for identifying
variable microclimate conditions at a pedestriaelle

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V. ROPOVICH, P. ZEILE, M
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljijana, Slovenia



Microclimate-Related Human Comfort as Aspect in UrBéamning: Indication of NBS Interventions to Ingeauality of Cycling
Networks

The implications of these findings are seen withirban analyses of assessing spaces in terms of
microclimate-related human comfort and for iderntify microclimate challenges, including high
temperature, air quality, humidity, and noise le@irthermore, in terms of its map-making capabdit
which facilitate the correlation of environmentahditions with specific spatial settings, the résutdicate

that the platform offers a user-friendly and vi$paintuitive approach to conducting environmental
assessment analyses.

The findings demonstrate the potential of such @atonducting urban analyses. This valuable in&dram
can be utilized to identify and allocate necessgatial interventions or to monitor existing sussdile
solutions, ensuring their long-term environmenthdfits.

5 DISCUSSION AND CONCLUSION

This paper is based on the premise that considé¢hiegnicroclimate in the design process of suskdéna
solutions can lead to improvements in environmepadlity, affecting environmental conditions and
supporting human comfort. However, conventionalaaranalyses might prove inadequate in thoroughly
examining the connections among microclimate caost environmental characteristics, and human
comfort. In that sense, the paper explores thentiateof one ICT tool for assessing human comforaicase
study of cycling lanes in Ljubljana, Slovenia. Basen a microclimate-related street assessment and
simultaneous dynamic environmental data gathetimg,paper defines sections that are comfortable and
uncomfortable, representing a first step towardstiflying possible microclimate challenges.

The results suggest that ICT innovations, for tn-sieasurements, can help urban analytics gatloeurdan
planners interpret detailed microclimate-relatetbnmation and assess places according to microtima
challenges. The ICT tool enabled the productiodath with characteristics that support better a@raition

of microclimatology in urban planning. The collettdata have precise temporal and spatial resokjtion
enabling the identification of variable microclirmatonditions within a few meters, every five serid
terms of data characteristics related to comfbe, results indicate that the data can be intergristieough

the main microclimate parameters: air temperatgi@tive humidity, particulate matter (PM 1.0, 2ahd

10.0 pg/md), noise level and additional ones; batampressure (kPa), and €@as, thereby assessing the
comfort of the space. The findings also suggest e data are presented through a map-based visual
representation of spatial assessment, a linkagevdfonmental conditions within a spatial context.

Such innovative tools for analysing site-specifitvieonmental characteristics represent a potemtitiin
urban planning of NBS, where the data's potergiakien in urban analyses, prioritizing, and selgcpatial
interventions to achieve or improve the microclieaetlated human comfort of a space.
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